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INTRODUCTION 
Laser-generated transient Lamb waves have been proven to be a useful tool for 
detennining thin plate thickness and elastic constants. The measurement relies on the wide 
range of frequencies generated by the thennoelastic or ablation laser source [1]. The 
dispersion relation of the lowest Lamb-wave modes can be detennined using established 
signal processing techniques. Usually the Lamb-wave packet propagating on a plate is 
observed using for example a) a contact "wedge" transducer, b) by observing the leakage 
of energy in directions where the k-matching condition is fulfllled or c) an interferometer, 
d) with near-field microphones with spatial periodicity on the sensitive surface to pick a 
particular wavelength [2,3,4,5]. The last three of these methods are non-contacting and 
therefore attractive for practical applications. 
Capacitive microphone with 4 a tive Sample 
areas. 5* 20 mm2. Two are chosen for 
any particular measurement --.... 
Cylindrical Len -...... 
d:YAG lAser 
MI " I 4A ' y ar 101 cuvc arcaS\ 
\ j 0 0'0 
Fig. 1. Experimental equipment and transducer design. 
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Fig.2. Typical Ao mode waveform obtained with the near-field microphone. 
We have studied the use of a near-field, cylindrical symmetry capacitive 
microphone to pick up through air the surface displacement (perpendicular to the surface 
mainly for this mode) caused by the dominant Ao-mode. The experimental equipment and 
the transducer are schematically depicted in Fig. 1. 
EXPERIMENT 
The near-field microphone schema was tested using a 0.5 mm aluminum sheet as a 
sample. The active area of the microphone was 40 mm along the surface from the line-
shaped Lamb wave generation area, and the microphone was less than 1 mm from the 
aluminum surface. A typical waveform showing the Ao- mode can be seen in Fig. 2. The 
shape of the signal is very close to that obtained using other methods for measuring 
surface displacement. The near-field microphone response as a function of distance from 
the aluminum surface was also studied. Fig. 3 shows the power spectrum of the Lamb-
wave packet when the distance of the microphone from the surface changes from near 
touching to 2 mm. The frequency response is a relatively smooth function at close 
distances, whereas further away higher frequencies are attenuated and there are signs of 
resonances of the air cushion between the plate and the transducer. The center frequency 
of the transducers is around 120 kHz with a Q of 2. In this nearfield regime of operation 
the layer of air between the sample and the microphone also causes damping of the sample 
surface movement. 
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Fig.3. Power spectra of the Lamb wave Ao mode packet for distances of 0 to 2 mm 
between the microphone and the plate. 
Fig. 4. Typical obtained wavefrom. 
A typical waveform obtained from a 0.58 mm thick, 450 g/m2 hard cardboard sample can 
be seen in Fig 4. The phase velocity vs. frequency, v(f) can be determined from the phase 
spectrum cjI{w) of a pulse by calculating 
v(f) = co d 
21t (cjI{co)- cjlo) (1) 
where d is the distance traveled by the elastic pulse and <Po is an unknown phase term. 
Using other methods the Lamb-wave velocity was determined to be 378 mls at 110 kHz. 
This information was used to get rid of the absolute phase ambiguity by requiring that the 
phase velocity calculated from the data in Fig. 4 be 378 mls at 110kHz. The resulting 
phase velocity vs. frequency curve is seen in Fig. 5. This data can be used to determine 
the sample thickness, and with lesser accuracy elastic constants, by fitting theoretical v(f) 
curves to measured data. 
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Fig. 5. Phase velocity vs. frequency for a cardboard sample. 
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CONCLUSION 
The near-field capasitive microphone has been proven to be a viable and simple 
alternative for low frequency, below 200 kHz, Lamb-wave investigion of cardboard. The 
system reproduces the Lamb-wave packet shape relatively well despite the simplicity of the 
microphones. The preliminary results show that a) near- field microphones can be a simple 
way of detecting Lamb waves and that b) cardboard, despite it's high ultrasound 
attenuation, can be studied using this method, but more work is required to obtain 
quantitative results. The data analysis and the stability of this method is currently under 
investigation. 
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